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Essential information: Uncertainty and optimal control
of Ebola outbreaks
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%ARLY RESOLUTION OF UNCERTAINTY DURING AN EPIDEMIC OUTBREAK CAN
LEAD TO RAPID AND EFlCIENT DECISIONMAKING PROVIDED THE UNCER
TAINTY AFFECTS PRIORITIZATION OF ACTIONS 4HE WIDE RANGE IN CASELOAD
PROJECTIONS FOR THE  %BOLA OUTBREAK CAUSED GREAT CONCERN AND
DEBATE ABOUT THE UTILITY OF MODELS "Y CODING AND RUNNING  PUB
LISHED %BOLA MODELS WITH lVE CANDIDATE INTERVENTIONS WE FOUND
THAT DESPITE THIS LARGE VARIATION IN CASELOAD PROJECTION THE RANK
ING OF MANAGEMENT OPTIONS WAS RELATIVELY CONSISTENT 2EDUCING
FUNERAL AND COMMUNITY TRANSMISSION WERE GENERALLY RANKED AS THE
TWO BEST OPTIONS 6ALUE OF )NFORMATION 6O)	 ANALYSES SHOW THAT
CASELOADS COULD BE REDUCED BY  BY RESOLVING ALL MODELSPECIlC
UNCERTAINTIES WITH INFORMATION ABOUT MODEL STRUCTURE ACCOUNTING
FOR  OF THIS REDUCTION AND UNCERTAINTY ABOUT CASELOAD ONLY
ACCOUNTING FOR  /UR STUDY DEMONSTRATES THAT THE UNCERTAINTY
THAT IS OF MOST INTEREST EPIDEMIOLOGICALLY MAY NOT BE THE SAME
AS THE UNCERTAINTY THAT IS MOST RELEVANT FOR MANAGEMENT )F THE
GOAL IS TO IMPROVE MANAGEMENT OUTCOMES THEN THE FOCUS OF STUDY
SHOULD BE TO IDENTIFY AND RESOLVE THOSE UNCERTAINTIES THAT MOST
HINDER THE CHOICE OF AN OPTIMAL INTERVENTION /UR STUDY FURTHER
DEMONSTRATES THAT SIMPLIFYING MULTIPLE ALTERNATIVE MODELS INTO A
SMALLER NUMBER OF RELEVANT GROUPS HERE WITH SHARED STRUCTURE	
COULD STREAMLINE THE DECISIONMAKING PROCESS AND MAY ALLOW FOR
A BETTER INTEGRATION OF EPIDEMIOLOGICAL MODELING AND DECISION
MAKING FOR POLICY
6ALUE OF )NFORMATION 6O)	 | %PIDEMIOLOGICAL OUTBREAK MANAGEMENT |
$ECISION MAKING
)NTRODUCTION
5IF EFWBTUBUJOH  &CPMB PVUCSFBL JO8FTU "GSJDB JT UIF MBSHFTU
FWFS SFDPSEFE 	 
 *U SFTVMUFE JO  DBTFT BOE  EFBUIT CZ
.BSDI   	8)0 SFQPSU IUUQBQQTXIPJOUFCPMBFCPMB
TJUVBUJPOSFQPSUT
 BOE FOHFOEFSFE BO PVUQPVSJOH PG DPODFSO GPS
UIPTF BGGFDUFE " MBSHF OVNCFS PG FQJEFNJPMPHJDBM NPEFMT XFSF
EFWFMPQFE BOE QVCMJTIFE 	
 5P EBUF XF IBWF JEFOUJGJFE 
QVCMJTIFE &CPMB NPEFMT .PTU PG UIFTF NPEFMT 	
 QSPKFDUFE
DBTFMPBET BT UIF QSFGFSSFE XBZ UP QSFEJDU FQJEFNJD USBKFDUPSZ
)PXFWFS DBTFMPBE QSPKFDUJPOT WBSJFE XJEFMZ CFUXFFO NPEFMT
ESBXJOH B HSFBU EFBM PG BUUFOUJPO BOE DBVTJOH JOUFOTF EFCBUF 	


$BTFMPBE QSPKFDUJPO JT DSJUJDBM GPS QSFEJDUJOH UIF TJ[F PG BO
FQJEFNJD BOE GPS QMBOOJOH NBOBHFNFOU FGGPSUT BOE JU DBO WBSZ
GSPN NPEFM UP NPEFM GPS TFWFSBM SFBTPOT TVDI BT EJGGFSFODFT
JO NPEFM TUSVDUVSF QBSBNFUFSJ[BUJPO BOE PUIFS BTTVNQUJPOT
%FTQJUF UIJT B DSJUJDBM RVFTUJPO GPS EFDJTJPONBLJOH JT XIFUIFS
EJGGFSFOU NPEFMT MFBE UP EJGGFSFOU NBOBHFNFOU SFDPNNFOEB
UJPOT PS EJGGFSFOU SBOLJOHT PG BMUFSOBUJWF NBOBHFNFOU BDUJPOT *G
BMM NPEFMT BHSFF PO UIF PQUJNBM NBOBHFNFOU UIFO EJGGFSFODFT
JO QSPKFDUJPOT BSF OPU B DSJUJDBM DPODFSO GPS EFDJTJPONBLJOH
0UIFSXJTF JG NPEFMT EJTBHSFF XJUI SFTQFDU UP UIF SBOLJOH PG
NBOBHFNFOU SFDPNNFOEBUJPOT UIFO UIF PQUJNBM JOUFSWFOUJPO JT
NPEFM TQFDJGJD XIJDI NFBOT QPMJDZNBLFST GBDF UIF RVFTUJPO PG
XIJDINPEFM	T
 UP SFMZ PO UPNBLFNBOBHFNFOU EFDJTJPOT B DMPTFS
FYBNJOBUJPO PG UIF TPVSDF PG UIF EJTBHSFFNFOU JT UIFO XBSSBOUFE
)FSF XJUI UIF PCKFDUJWF PG NJOJNJ[JOH UIF &CPMB DBTFMPBE
XF FYQMPSFE UIF NBOBHFNFOU SFDPNNFOEBUJPOT PG B MBSHF TFU
PG QVCMJTIFE &CPMB NPEFMT 8F DPOTJEFSFE  QVCMJTIFE DPN
QBSUNFOUBM &CPMB NPEFMT UIBU WBSJFE XJEFMZ JO NPEFM TUSVDUVSF
QBSBNFUFSJ[BUJPO PS CPUI 	5BCMF 4
 "NPOH UIFN UIF 4&*3
DPNQBSUNFOUNPEFM JT UIFNPTU DPNNPOMZ BEPQUFENPEFM GSBNF
XPSL XIFSF JOEJWJEVBMT QSPHSFTT UISPVHI TVTDFQUJCMF 	4
 UP FY
QPTFE 	&
 JOGFDUJPVT 	*
 BOE UIFO SFNPWFE 	3
 DPNQBSUNFOUT
UISPVHI FJUIFS SFDPWFSZ PS EFBUI 4JODF IPTQJUBM TFUUJOHT BOE
GVOFSBMT IBWF CFFO JEFOUJGJFE BT DSJUJDBM USBOTNJTTJPO TPVSDFT BOE
UBSHFUT GPS JOUFSWFOUJPO TPNF NPEFMT FYQMJDJUMZ JODMVEF B IPTQJUBM
	)
 PS B GVOFSBM 	'
 DPNQBSUNFOU #BTFE PO NPEFM TUSVDUVSF XF
DMBTTJGJFE UIF  NPEFMT JOUP GPVS DBUFHPSJFT NPEFMT XJUI CPUI
) BOE ' FYQMJDJUMZ SFQSFTFOUFE 	SFGFSSFE UP BT 4&*)'3
 NPEFMT
XJUI POMZ ) FYQMJDJUMZ SFQSFTFOUFE 	4&*)3
 NPEFMT XJUI POMZ '
FYQMJDJUMZ SFQSFTFOUFE 	4&*'3
 BOE NPEFMT XJUI OFJUIFS ) OPS '
DPNQBSUNFOUT 	4&*3
 5P FOTVSF DPOTJTUFODZ XF SFDPEFE BMM UIF
NPEFMT XJUIJO UIF TBNF TUPDIBTUJD FOWJSPONFOU CZ TJNVMBUJOH UIF
FQJEFNJD CJSUIBOEEFBUI QSPDFTTFT VTJOH UIF (JMMFTQJF BMHPSJUIN
XJUI B UBVMFBQJOH BQQSPYJNBUJPO 	 
 8F UIFO JEFOUJGJFE GJWF
NBOBHFNFOU BDUJPOT UIBU BSF CSPBEMZ BQQMJFE UP DPOUSPM &CPMB
SFEVDJOH DPNNVOJUZ USBOTNJTTJPO SFEVDJOH IPTQJUBM USBOTNJT
TJPO SFEVDJOH GVOFSBM USBOTNJTTJPO JODSFBTJOH IPTQJUBMJ[BUJPO
BOE SFEVDJOH DBTF GBUBMJUZ SBUJP 	   
 8F QSPKFDUFE UIF
DBTFMPBE VOEFS UIF GJWF NBOBHFNFOU JOUFSWFOUJPOT BOE JEFOUJGJFE
UIF PQUJNVN NBOBHFNFOU GPS FBDI NPEFM 8F UIFO VTFE 7BMVF
PG *OGPSNBUJPO 	7P*  
 BOBMZTFT UP RVBOUJGZ UIF QPUFOUJBM
JNQSPWFNFOU JO DBTFMPBE PVUDPNFT BDIJFWFE CZ SFTPMWJOH NPEFM
3IGNIlCANCE
4HE  %BOLA OUTBREAK ILLUSTRATES THE COMPLEXITIES OF
DECISIONMAKING IN THE FACE OF EXPLOSIVE EPIDEMICS MANAGE
MENT INTERVENTIONS MUST BE ENACTED DESPITE IMPERFECT OR
MISSING INFORMATION 4HE WIDE RANGE IN PROJECTED CASELOAD
GENERATED ATTENTION AS A SOURCE OF UNCERTAINTY BUT DEBATE
DID NOT ADDRESS WHETHER THIS UNCERTAINTY AFFECTED THE CHOICE
OF ACTION "Y REEVALUATING  PUBLISHED MODELS WE SHOW
THAT THE MAJORITY OF MODELS CONCUR THAT REDUCING FUNERAL AND
COMMUNITY TRANSMISSION ARE ROBUST AND EFFECTIVE MANAGE
MENT ACTIONS TO MINIMIZE PROJECTED CASELOAD 7HILE MODELS
DISAGREED ABOUT ABSOLUTE CASELOAD THIS HAS LITTLE RELEVANCE FOR
EVALUATING CANDIDATE INTERVENTIONS /UR STUDY HIGHLIGHTS THE
IMPORTANCE OF PROJECTING THE IMPACT OF INTERVENTIONS AND IS
APPLICABLE TO THE MANAGEMENT OF OTHER EPIDEMIC OUTBREAKS
WHERE RAPID DECISIONMAKING IS CRITICAL
2ESERVED FOR 0UBLICATION &OOTNOTES
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&IG  5NCONSTRAINED CASELOAD PROJECTIONS ABOVE	 AND RANKS OF lVE MANAGEMENT ACTIONS BELOW	 UNDER  PUBLISHED COMPARTMENTAL %BOLA MODELS WITH
3%)(&2 REPRESENTING SUSCEPTIBLE EXPOSED INFECTIOUS HOSPITALIZED AND FUNERAL COMPARTMENTS	 3%)(2 3%)&2 OR 3%)2 STRUCTURES &OR EACH MODEL THE lVE
MANAGEMENT ACTIONS WERE RANKED FROM THE WORST WITH HIGHEST CASELOAD PROJECTION	 AS SHOWN IN LIGHT RED TO THE BEST WITH LOWEST CASELOAD PROJECTION	
AS SHOWN IN DARK RED 3IMULATED POPULATION SIZE IS  PEOPLE AND THE EFFECTIVENESS IS  FOR EACH MANAGEMENT ACTION
TQFDJGJD VODFSUBJOUZ BOE UP JEFOUJGZ UIF LFZ VODFSUBJOUJFT UP SF
TPMWF JO PSEFS UP BDIJFWF UIBU JNQSPWFNFOU
5IF &CPMB PVUCSFBL IJHIMJHIUFE UIF DIBMMFOHFT BOE PQQPS
UVOJUJFT UIBU BSJTF XIFO NVMUJQMF NPEFMJOH HSPVQT DPOUSJCVUF
NPEFMT BOE QSPKFDUJPOT UP IFMQ JOGPSN EFDJTJPONBLJOH 5IF 7P*
GSBNFXPSL BMMPXT VT UP TUVEZ UIF SPCVTUOFTT PG DPODMVTJPOT JO
UIF GBDF PG NVMUJQMF BMUFSOBUJWF NPEFMT BOE UP EJTDPWFS JNQPSUBOU
NPEFM TFOTJUJWJUJFT XJUI SFTQFDU UP UIF SBOLJOH PG JOUFSWFOUJPOT #Z
TUVEZJOH BO FOTFNCMF PG NPEFMT XF DBO JEFOUJGZ BDUJPOT UIBU BSF
SPCVTU JO UIF GBDF PG VODFSUBJOUZ BT XFMM BT TPVSDFT PG VODFSUBJOUZ
UIBU XBSSBOU JNNFEJBUF TUVEZ
2ESULTS
*O PVS TJNVMBUJPOT TUBSUJOH XJUI  JOGFDUJPVT DBTFT JO B QPQVMB
UJPO PG  JOEJWJEVBMT UIF NFBO QSPKFDUFE DBTFMPBE XBT 
  	TE
 SBOHJOH GSPN  UP  DBTFT 	'JH 
 %FTQJUF
UIJT EJGGFSFODF JO DBTFMPBE QSPKFDUJPOT UIF NBKPSJUZ PG UIF NPEFMT
TVHHFTUFE TJNJMBS NBOBHFNFOU SFDPNNFOEBUJPOT 	'JH 

8F EFGJOF UIF FGGFDU PG BO JOUFSWFOUJPO BT UIF QFSDFOUBHF
DIBOHF DPNQBSFE UP B OPJOUFSWFOUJPO CBTFMJOF 5IF FGGFDU PG BO
JOUFSWFOUJPO PO VOEFSMZJOH SBUFT 	FH USBOTNJTTJPO IPTQJUBMJ[B
UJPO
 JT VOMJLFMZ UP CF LOPXO B QSJPSJ UIFSFGPSF XF GJSTU QSPKFDUFE
DBTFMPBE BTTVNJOH FBDI JOUFSWFOUJPO SFTVMUFE JO B  DIBOHF
JO BGGFDUFE QBSBNFUFST (JWFO B  DIBOHF GPS FBDI JOUFSWFO
UJPO UIF NBKPSJUZ 	
 PG UIF NPEFMT SFDPNNFOEFE SFEVDJOH
GVOFSBM USBOTNJTTJPO BT UIF PQUJNBM BDUJPO BOE  PS 
NPEFMT SBOLFE JU BT BNPOH UIF UPQ UXP PS UISFF SFTQFDUJWFMZ
3FEVDJOH DPNNVOJUZ USBOTNJTTJPO XBT PQUJNBM GPS  NPEFMT
BOE  NPEFMT SBOLFE JU JO UIF UPQ UXP 3FEVDJOH UIF DBTF
GBUBMJUZ SBUJP XBT PQUJNBM GPS  NPEFMT BOE SFEVDJOH IPTQJ
UBM USBOTNJTTJPO XBT PQUJNBM GPS  NPEFMT XIJMF JODSFBTJOH
IPTQJUBMJ[BUJPO XBT OPU PQUJNBM JO BOZ NPEFM 	'JH 
 5IF PQ
UJNBM NBOBHFNFOU SFDPNNFOEBUJPO XBT DMPTFMZ BTTPDJBUFE XJUI
NPEFM TUSVDUVSF GPS FYBNQMF BMM 4&*3 BOE UIF NBKPSJUZ 	
 PG
4&*)3 NPEFMT SFDPNNFOEFE SFEVDJOH GVOFSBM USBOTNJTTJPO BT
UIF PQUJNBM BDUJPO XIJMF UIF NBKPSJUZ 	
 PG 4&*)'3 NPEFMT
SFDPNNFOEFE SFEVDJOH DPNNVOJUZ USBOTNJTTJPO 	'JH 

5IF GJOBM FQJEFNJD TJ[F 	JF UIF UPUBM DBTFMPBE
 JT MJOLFE
UP UIF CBTJD SFQSPEVDUJWF SBUJP 3 JO 4&*3MJLF DPNQBSUNFOUBM
NPEFMT TVDI BT UIPTF BOBMZ[FE IFSF 	
 5P QSPWJEF B EFFQFS
NBUIFNBUJDBM VOEFSTUBOEJOH PG PVS JOEJWJEVBM NPEFM SFTVMUT XF
UIFSFGPSF DPOEVDUFE FMBTUJDJUZ 	QSPQPSUJPOBM TFOTJUJWJUZ
 BOBMZTFT
PG 3 UP UIF QBSBNFUFST BTTPDJBUFE XJUI UIF GJWF JOUFSWFOUJPOT
JO UIF GVMM 4&*)'3 NPEFMT 	JO XIJDI BMM QBSBNFUFST DPVME CF
FYQMJDJUMZ QFSUVSCFE
 5IJT BOBMZTJT SFWFBMFE UIBU UIF SBOLJOH PG
UIF FMBTUJDJUJFT XBT UIF TBNF BT UIBU PG UIF BTTPDJBUFE JOUFSWFOUJPOT
	5BCMF 4 'JH 
 JG XF POMZ IBWF B TJOHMF NPEFM BMUFSOBUJWF
JOUFSWFOUJPOT DBO CF SBOLFE CZ UIFJS FGGFDU PO 3
5P JMMVTUSBUF UIF TFOTJUJWJUZ PG UIF PQUJNBM JOUFSWFOUJPO UP UIF
JOUFSWFOUJPO FGGFDU TJ[F XF BMTP DPNQBSFE DBTFMPBE QSPKFDUJPOT
VOEFS B QBSUJDVMBS JOUFSWFOUJPO PWFS B HSBEJFOU PG DIBOHFT SBOHJOH
GSPN  JO JODSFNFOUT PG  UP QSPKFDUJPOT VOEFS UIF
SFTU PG UIF GPVS JOUFSWFOUJPOT XJUI UIF CBTFMJOF DIBOHF PG 
5IFTF BOBMZTFT IJHIMJHIU UIBU XIFUIFS BO JOUFSWFOUJPO JT SBOLFE BT
PQUJNBM EFQFOET PO JUT FGGFDU TJ[F 3FEVDJOH GVOFSBM USBOTNJTTJPO
JT PQUJNBM JO  NPEFMT JG UIF FGGFDU JT PWFS  BOE PQUJNBM
JO  NPEFMT JG JOUFSWFOUJPOT BTTPDJBUFE XJUI CVSJBMT MFBE UP BO
 SFEVDUJPO 3FEVDJOH DPNNVOJUZ USBOTNJTTJPO JT SBSFMZ PQUJ
NBM XIFO UIF FGGFDU TJ[F JT MFTT UIBO  CVU JU JT SFDPNNFOEFE
BT UIF CFTU JOUFSWFOUJPO JO  NPEFMT JG JU DBO CF SFEVDFE CZ
 *OUFSWFOUJPOT BJNFE BU SFEVDJOH UIF DBTF GBUBMJUZ SBUJP NVTU
BDIJFWF B SFEVDUJPO PG  JO PSEFS UP CF PQUJNBM JO  PG
UIF NPEFMT 	'JH  'JH 4
 /PUBCMZ JODSFBTJOH IPTQJUBMJ[BUJPO PS
SFEVDJOH IPTQJUBM USBOTNJTTJPO XFSF SBSFMZ PQUJNBM JOUFSWFOUJPOT
FWFO BU  FGGFDUJWFOFTT
8F DBMDVMBUFE UIF &YQFDUFE 7BMVF PG 1FSGFDU *OGPSNBUJPO
	&71*  
 XIJDI RVBOUJGJFT UIF NBYJNVN BDIJFWBCMF JN
QSPWFNFOU JO NBOBHFNFOU UIBU DPVME CF PCUBJOFE CZ JEFOUJGZJOH
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&IG  4HE NUMBER OF MODELS THAT ARE RECOMMENDED AS OPTIMAL FOR
THE INTERVENTIONS OF !	 REDUCING FUNERAL TRANSMISSION "	 REDUCING COM
MUNITY TRANSMISSION #	 REDUCING CASE FATALITY RATIO $	 REDUCING HOSPITAL
TRANSMISSION AND %	 INCREASING HOSPITALIZATION %VALUATION WAS BASED ON
COMPARISONS OF CASELOAD PROJECTIONS UNDER EACH SPECIlC MANAGEMENT ACTION
OVER A GRADIENT OF CHANGES RANGING FROM  TO  AGAINST ALL OF THE
OTHER MANAGEMENT ACTIONS WITH A BASELINE INTENSITY OF 
B TJOHMF NPEFM BT CFTU QSJPS UP UIF JNQMFNFOUBUJPO PG TQFDJGJD
EFDJTJPOT 	TFF .BUFSJBMT BOE .FUIPET GPS GPSNBM EFGJOJUJPO

5IF &71* BOBMZTJT TIPXFE UIBU UIF FYQFDUFE JNQSPWFNFOU JO
NBOBHFNFOU PVUDPNFT EVF UP SFTPMWJOH BMM NPEFM TQFDJGJD VODFS
UBJOUJFT JT BO  SFEVDUJPO JO DBTFMPBE8F GVSUIFS DPOEVDUFE BO
BOBMZTJT PG UIF &YQFDUFE 7BMVF PG 1BSUJBM *OGPSNBUJPO 	&719*

 XIJDI RVBOUJGJFT UIF FYQFDUFE JNQSPWFNFOU JO NBOBHFNFOU
QFSGPSNBODF CZ SFTPMWJOH B TVCTFU PG VODFSUBJOUJFT *O QBSUJDV
MBS XF RVBOUJGJFE UIF SFMBUJWF DPOUSJCVUJPO PG VODFSUBJOUZ BCPVU
NPEFM TUSVDUVSF 	4&*3 4&*)3 4&*'3 PS 4&*)'3
 BOE DBTFMPBE
QSPKFDUJPO 	NPEFMT UIBU QSPKFDUFE MPX MPX JOUFSNFEJBUF IJHI
JOUFSNFEJBUF PS IJHI DBTF CVSEFO
 UP FYQFDUFE NBOBHFNFOU
PVUDPNFT 5IF &719* BOBMZTJT JMMVTUSBUFT UIBU UBSHFUJOH UIF VO
DFSUBJOUJFT JO NPEFM TUSVDUVSF DPVME JNQSPWF NBOBHFNFOU 	JF
SFEVDUJPO JO DBTFMPBE
 CZ  	 PG UPUBM &71*
 CVU UBSHFUJOH
VODFSUBJOUJFT JO DBTFMPBE QSPKFDUJPO DPVME POMZ BDIJFWF  JN
QSPWFNFOU PG NBOBHFNFOU 	 PG UPUBM &71*
 5IVT UIF UXP
NPTU JNQPSUBOU UBLF IPNF NFTTBHFT GSPN PVS BOBMZTFT BSF UIBU
XIJMF EJGGFSFODFT JO DBTFMPBE QSPKFDUJPOT GSPN UIF WBSJPVT NPEFMT
EPNJOBUFE NVDI PG UIF QVCMJD EJTDVTTJPO 	J
 JOUFSWFOUJPO SBOL
JOHT BSF OPU BGGFDUFE CZ UIJT JTTVF BOE 	JJ
 SFTPMWJOH VODFSUBJOUZ
JO NPEFM TUSVDUVSF JT JNQPSUBOU GPS JEFOUJGZJOH PQUJNBM SFTQPOTF
TUSBUFHJFT
$ISCUSSION
*EFOUJGZJOH UIF VODFSUBJOUJFT UIBU BGGFDU UIF DIPJDF PG NBOBHF
NFOU JOUFSWFOUJPO JT DSJUJDBM GPS GPDVTJOH TDJFOUJGJD JORVJSZ PO
RVFTUJPOT UIBU XJMM JNQSPWF UIFNBOBHFNFOU PG BO FQJEFNJD $PO
EJUJPOBM PO B TJOHMF NPEFM B DPOWFOUJPOBM BQQSPBDI JT UP FWBMVBUF
UIF TFOTJUJWJUZ PG PVUDPNFT BOE NBOBHFNFOU SFDPNNFOEBUJPOT
UP QBSBNFUSJD VODFSUBJOUZ )PXFWFS JU JT JODSFBTJOHMZ DPNNPO
UIBU UIFSF BSF NVMUJQMF JOEFQFOEFOU NPEFMT UIBU DBO DPOUSJCVUF
UP UIF FWBMVBUJPO PG DBOEJEBUF JOUFSWFOUJPOT BOE QPMJDZ EFWFMPQ
NFOU 	   
 5IVT XF QSFTFOU B GSBNFXPSL GPS JOUFHSBUJOH
NPEFM PVUQVU UP JEFOUJGZ BDUJPOT UIBU BSF SPCVTU UP UIF QBSBNFU
SJD TUSVDUVSBM BOE PUIFS VODFSUBJOUZ SFGMFDUFE JO BO FOTFNCMF
PG NPEFMT 0VS TUVEZ TIPXFE UIBU EFTQJUF MBSHF EJGGFSFODFT JO
DBTFMPBE QSPKFDUJPOT NBOBHFNFOU SFDPNNFOEBUJPOT BSF CSPBEMZ
DPOTJTUFOU BDSPTT  QVCMJTIFE &CPMB NPEFMT SFEVDJOH GVOFSBM
BOE DPNNVOJUZ USBOTNJTTJPO BSF HFOFSBMMZ SBOLFE BT UIF UPQ UXP
CFTU NBOBHFNFOU PQUJPOT XIJMF IPTQJUBMBTTPDJBUFE BDUJPOT BSF
SBSFMZ UIF CFTU 'PDVTJOH PO JOEJWJEVBM 4&*)'3NPEFMT UIF TBNF
SBOL PSEFS XBT GPVOE GPS UIF QSPQPSUJPOBM TFOTJUJWJUZ PG 3 UP
UIF QBSBNFUFST BTTPDJBUFE XJUI FBDI PG UIF GJWF JOUFSWFOUJPOT
5IJT BMJHOT XJUI DMBTTJDBM UIFPSZ 	
 JG XF POMZ IBWF B TJOHMF
NPEFM JOUFSWFOUJPOT UIBU NPTU BGGFDU UIF CBTJD SFQSPEVDUJWF SB
UJP BSF UIF CFTU #PUI GVOFSBM USBOTNJTTJPO 	 
 BOE DPNNV
OJUZ USBOTNJTTJPO 	 
 XFSF JEFOUJGJFE BT DSJUJDBM USBOTNJTTJPO
TPVSDFT BOE UIFSFGPSF UBSHFUT GPS JOUFSWFOUJPO BHBJOTU &CPMB JO
QSFWJPVT TUVEJFT %FTQJUF UIF CSPBE DPOTFOTVT BNPOH NPEFM SFD
PNNFOEBUJPOT PVS &71* BOBMZTJT TIPXFE UIBU SFTPMWJOH NPEFM
VODFSUBJOUJFT DPVME JNQSPWF NBOBHFNFOU CZ  $POTJEFSJOH
UIF  &CPMB PVUCSFBL XIJDI IBE B DBTFMPBE PG  BOE B
DBTF GBUBMJUZ SBUJP PG PWFS  UIJT XPVME SFQSFTFOU B SFEVDUJPO
PG  DBTFT BOE  EFBUIT BWFSUFE #Z DPOEVDUJOH NPEFM
DMBTTTQFDJGJD BOBMZTFT PG &719* XF GPVOE UIBU UIF WBMVF PG
JOGPSNBUJPO GPS NPEFM TUSVDUVSF XBT GBS IJHIFS UIBO GPS DBTFMPBE
QSPKFDUJPOT 5IVT UIF SBOLJOH PG JOUFSWFOUJPOT XBT OPU TUSPOHMZ
DPSSFMBUFE XJUI DBTFMPBE QSPKFDUJPOT UIPVHI FYQFDUFE DBTFMPBE
EPFT QSPWJEF JOGPSNBUJPO PO IPX NVDI FGGPSU XJMM CF SFRVJSFE
UP IBMU UIF FQJEFNJD 5IF SBOLJOH PG JOUFSWFOUJPOT EJGGFSFE NPSF
CFUXFFO UIBO XJUIJO NPEFM TUSVDUVSFT 5IJT SFTVMU DPVME CF B
SFGMFDUJPO PG UIF JOIFSFOU EJGGFSFODFT JO UIF EZOBNJDT PG EJGGFSFOU
NPEFM TUSVDUVSFT PS EVF UP EJGGFSFODFT CFUXFFO FYQMJDJU BOE
JNQMJDJU SFQSFTFOUBUJPO PG JOUFSWFOUJPOT XJUIJO UIF TBNF NPEFM
TUSVDUVSF 8IFO UIF UBSHFU DPNQBSUNFOUT GPS TQFDJGJD JOUFSWFO
UJPOT XFSF OPU FYQMJDJUMZ SFQSFTFOUFE JO UIF PSJHJOBMMZ QVCMJTIFE
NPEFMT UIFO JNQMFNFOUJOH JOUFSWFOUJPOT JOWPMWFE NPSF TVCUMF
EFDJTJPOT 8IJMF XF USJFE UP BDIJFWF UIF CFTU TUBOEBSEJ[BUJPO
PVS DIPJDFT 	EFUBJMFE JO UIF 4VQQMFNFOUBSZ *OGPSNBUJPO
 NBZ
IBNQFS GBJS DPNQBSJTPOT "O PCWJPVT TPMVUJPO JT UP GPDVT PO
NPEFMT UIBU DPOTJTUFOUMZ BOE FYQMJDJUMZ SFQSFTFOU CPUI DPNQBSU
NFOUT BOE JOUFSWFOUJPOT 	JNQMZJOH BO JNQPSUBOU SPMF GPS UIF
JOUFHSBUJPO PG PQFSBUJPOT SFTFBSDI BOE FQJEFNJD NPEFMJOH UP
FOTVSF UIBU NPEFMFE JOUFSWFOUJPOT BSF SFBMJTUJD BOE SFGMFDU SFBM
XPSME DPOTUSBJOUT
 )PXFWFS XF HBSOFSFE JNQPSUBOU OFX JOTJHIUT
CZ TUVEZJOH BMM NPEFMT SBUIFS UIBO SFTUSJDUJOH PVS BOBMZTJT UP UIF
FJHIU QBSBNFUFSJ[FE 4&*)'3 NPEFMT
0VS TUVEZ DIPTF B  DIBOHF UP JMMVTUSBUF UIF NBOBHFNFOU
SBOLJOH CBTFE PO DBTFMPBE XF EJE OPU TQFDJGJDBMMZ DPOTJEFS UIF
PQFSBUJPOBM DPTU PS DPOTUSBJOUT JOIFSFOU JO BDIJFWJOH UIBU MFWFM PG
FGGFDU XJUI FBDI JOUFSWFOUJPO *O QSBDUJDF UIF TBNF QFSDFOUBHF
DIBOHF JO POF JOUFSWFOUJPO NJHIU CF IBSEFS PS NPSF FYQFOTJWF
UP BDIJFWF UIBO BOPUIFS 5IFSFGPSF JU JT BMTP JNQPSUBOU UP DPO
TJEFS PQFSBUJPOBM BOE FDPOPNJD DPOTUSBJOUT 	 
 0VS BOBMZTJT
TIPXFE UIBU TPNF JOUFSWFOUJPOT MJLF SFEVDJOH GVOFSBM USBOTNJT
TJPO DBO CF SBOLFE IJHIMZ FWFO JG UIFZ POMZ BDIJFWF MPX FGGFDUJWF
OFTT CVU PUIFST TVDI BT SFEVDJOH DPNNVOJUZ USBOTNJTTJPO BOE
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SFEVDJOH UIF DBTF GBUBMJUZ SBUJP BSF POMZ SBOLFE IJHI JG IJHIMZ
FGGFDUJWF *O DPOUSBTU JOUFSWFOUJPOT UBSHFUJOH IPTQJUBMJ[BUJPO SBUF
BOE IPTQJUBM USBOTNJTTJPO XFSF SBSFMZ PQUJNBM FWFO BU 
FGGFDUJWFOFTT 5IVT XIJMF BEEJUJPOBM PQFSBUJPOBM PS CFIBWJPSBM
JOGPSNBUJPO NBZ CF OFDFTTBSZ UP FWBMVBUF UIF QPUFOUJBM FGGFDU
PG UIFTF JOUFSWFOUJPOT 	FH CFDBVTF PG JOUFSBDUJPOT XJUI TPDJBM
BOE DVMUVSBM QSPDFTTFT 
 UIF GSBNFXPSL XF IBWF QSFTFOUFE
DBO CF VTFE UP FTUJNBUF NJOJNBM MFWFMT PG FGGFDUJWFOFTT OFDFTTBSZ
UP DPOTJEFS EJGGFSFOU DMBTTFT PG JOUFSWFOUJPOT *U BMTP OFFET UP
CF OPUFE UIBU GPS QVSQPTFT PG JMMVTUSBUJPO XF FWBMVBUFE FBDI
NBOBHFNFOU BDUJPO TFQBSBUFMZ JO UIF DVSSFOU TUVEZ )PXFWFS
NBOBHFNFOU JOUFSWFOUJPOT BSF OPU NVUVBMMZ FYDMVTJWF BOE DPN
CJOFE JOUFSWFOUJPOT TIPVME CF TUVEJFE 5IF7P* EFDJTJPOUIFPSFUJD
BQQSPBDI DBO FBTJMZ FYUFOE UP UIJT TJUVBUJPO
*O UIF DVSSFOU TUVEZ XF GPDVTFE PO NJOJNJ[JOH DBTFT BT PVS
PCKFDUJWF BT NPTU PG UIF QVCMJTIFE NPEFMT QSPKFDUFE DBTFMPBE
)PXFWFS SFDPNNFOEFE JOUFSWFOUJPOT NBZ EJGGFS XIFO DPOTJE
FSJOH EJGGFSFOU PCKFDUJWFT TVDI BT NJOJNJ[JOH NPSUBMJUZ PS FQJ
EFNJD EVSBUJPO 	
 *O UIF DBTF PG UIF  &CPMB PVUCSFBL
JOUFSWFOUJPO SFDPNNFOEBUJPOT GPS UIF PCKFDUJWF PG NJOJNJ[JOH
EFBUIT XFSF UIF TBNF BT GPS NJOJNJ[JOH DBTFMPBE CFDBVTF UIF DBTF
GBUBMJUZ SBUJP XBT RVJUF TJNJMBS GPS EJGGFSFOU DPNQBSUNFOUT JO UIF
QVCMJTIFE NPEFMT
0WFSBMM PVS TUVEZ EFNPOTUSBUFT UIBU XIJMF EJGGFSFODFT JO
&CPMB DBTFMPBE QSPKFDUJPOT XFSF B TVCKFDU PG DPODFSO JEFOUJGJ
DBUJPO BOE SFTPMVUJPO PG VODFSUBJOUJFT UIBU IJOEFS NBOBHFNFOU
	IFSF NPEFM TUSVDUVSF
 BSF NPSF SFMFWBOU UP UIF TFMFDUJPO PG
PQUJNBM SFTQPOTF TUSBUFHJFT 0VS XPSL BEET UP B HSPXJOH CPEZ PG
MJUFSBUVSF PO VODFSUBJOUZ JO EJTFBTF EZOBNJDT GSPN UIF TUBOEQPJOU
PG UIF EFDJTJPO NBLFS BOE FNQIBTJ[FT UIBU UIF VODFSUBJOUZ UIBU
JT PG JOUFSFTU FQJEFNJPMPHJDBMMZ 	IFSF GJOBM FQJEFNJD TJ[F
 NBZ
OPU CF UIF TBNF BT UIF VODFSUBJOUZ UIBU JT NPTU SFMFWBOU UP
NBOBHFNFOU 	SBOLJOH PG DBOEJEBUF JOUFSWFOUJPOT

0VS XPSL VTFE 7P* UP RVBOUJGZ UIF FYQFDUFE CFOFGJU PG SF
TPMWJOH VODFSUBJOUZ JO B EFDJTJPONBLJOH DPOUFYU DPOEJUJPOBM PO
NPEFMTQFDJGJD QSPKFDUJPOT 'PS UIF QVCMJTIFE &CPMB NPEFMT XF
TIPXFE UIBU BDIJFWJOH TDJFOUJGJD SFTPMVUJPO PO NPEFM TUSVDUVSF
BDIJFWFT  PG UIF FYQFDUFE CFOFGJU PG SFEVDJOH BMM VODFSUBJOUZ
DPOTJEFSFE 4DJFOUJGJD VOEFSTUBOEJOH 	MFHJUJNBUF TDJFOUJGJD EJGGFS
FODFT PG PQJOJPOEBUB
 JT GSFRVFOUMZ EFTDSJCFE JO NVMUJQMF DPN
QFUJOH NPEFMT 1SFWJPVT NFUIPET IBWF BTTFTTFE QPUFOUJBM JOUFS
WFOUJPOT DPOEJUJPOBM PO JOEJWJEVBM NPEFMT PS VTFE FOTFNCMF QSF
EJDUJPO 	
 *OTUFBE XF QSPQPTF UIF VTF PG 7P* UP JEFOUJGZ XIJDI
TDJFOUJGJD EJGGFSFODFT PG PQJOJPO MFBE UP EJGGFSFOU NBOBHFNFOU
SFDPNNFOEBUJPOT SFTFBSDI TIPVME UIFO QSJPSJUJ[F MFBSOJOH BCPVU
UIFTF PQFSBUJPOBMMZ SFMFWBOU VODFSUBJOUJFT 5IVT PVS BOBMZTJT JT
FYQMJDJUMZ OPU GPDVTFE PO TFMFDUJOH B CFTUNPEFM 	BT JT DPNNPOMZ
EPOF
 3BUIFS XF VTF BMM NPEFMT UP JEFOUJGZ BDUJPOT UIBU BSF SPCVTU
BOE VODFSUBJOUJFT UIBU BSF JNQPSUBOU BDSPTT UIF TVJUF PG DBOEJEBUF
NPEFMT 'PS &CPMB TJNQMJGZJOH B MBSHF TFU PG NPEFMT JOUP B TNBMMFS
OVNCFS PG SFMFWBOU DMBTTFT 	BU UIF MFWFM PG NPEFM TUSVDUVSF
 NBZ
BMMPX GPS CFUUFS JOUFHSBUJPO PG FQJEFNJPMPHJDBM NPEFMJOH BOE
EFDJTJPONBLJOH GPS QPMJDZ *O PUIFS PVUCSFBL TJUVBUJPOT SFTPMV
UJPO PG PUIFS TPVSDFT PG VODFSUBJOUZNBZ CFNPSF JNQPSUBOU.PSF
HFOFSBMMZ PVS TUVEZ EFNPOTUSBUFT IPX 7P* BOBMZTJT NBZ QSPWJEF
SVMFT PG UIVNC UP HVJEF UIF EFDJTJPONBLJOH QSPDFTT GPS PUIFS
FQJEFNJDT TVDI BT ;JLB PS BWJBO JOGMVFO[B XIFSF TJHOJGJDBOU
VODFSUBJOUZ BCPVU JOEJWJEVBM NPEFMT SFNBJOT CVU UJNFMZ EFDJTJPO
NBLJOH JT SFRVJSFE
-ATERIALS AND -ETHODS
,ITERATURE SURVEY OF PUBLISHED %BOLA MODELS
7E CONDUCTED A LITERATURE SURVEY FOR ANY PUBLISHED %BOLA MODELS ON
THE )NSTITUTE FOR 3CIENTIlC )NFORMATION )3)	 7EB OF +NOWLEDGE AND THROUGH
THE 'OOGLE SEARCH ENGINE USING THE SEARCH TERMS %BOLA AND MODEL 7E
IDENTIlED A TOTAL OF  MATHEMATICAL MODELS IN  PUBLICATIONS AND ONE
ONLINE lNAL REPORT 4HE MAJORITY 	 OF THE MODELS WERE COMPARTMENTAL
MODELS WHILE THE REST 	 ADOPTED ONE OR MORE OF A VARIETY OF MODELING
APPROACHES SUCH AS BRANCHING PROCESS MODELS 	 AND SPATIAL MODELS 	
/UR STUDY FOCUSED ON THE  COMPARTMENT MODELS SEE LIST IN SUPPLEMENTARY
4ABLE 3	 THIS WAS THE MOST WIDELYUSED MODELLING APPROACH FOR %BOLA
EPIDEMIC PROJECTION AND MANAGEMENT EVALUATION   	 4HE CONSISTENT
FRAMEWORK OF COMPARTMENTAL MODELS ALLOWS FOR A GENERAL COMPARISON OF
PROJECTED EPIDEMIC DYNAMICS AMONG MODELS !DDITIONALLY THE WIDELY PRO
POSED INTERVENTIONS IN PRACTICE ARE EITHER EXPLICITLY OR IMPLICITLY APPLICABLE TO
THESE MODELS AND THEREFORE THE EFFECTIVENESS OF DIFFERENT INTERVENTIONS CAN
BE COMPARED WITHIN AND AMONG MODELS
#OMPARTMENT MODELS
)N AN %BOLA COMPARTMENT MODEL INDIVIDUALS IN A POPULATION ARE CLASSI
lED INTO DIFFERENT STATES AS REPRESENTED BY DIFFERENT MODEL COMPARTMENTS
BASED ON THEIR HEALTH STATUS !LL INDIVIDUALS REMAIN IN THE SUSCEPTIBLE 3	
COMPARTMENT UNTIL THEY CONTRACT THE VIRUS THROUGH CONTACT WITH INFECTIOUS
INDIVIDUALS THEY THEN ENTER THE EXPOSED %	 COMPARTMENT WHERE THEY ARE
INFECTED BUT NOT YET INFECTIOUS %XPOSED INDIVIDUALS MOVE TO THE INFECTIOUS )	
COMPARTMENT AFTER A CERTAIN LATENT PERIOD AT WHICH POINT THEY START TO SHOW
SYMPTOMS AND BECOME INFECTIOUS TO OTHER INDIVIDUALS )NFECTIOUS INDIVIDUALS
WILL EITHER REMAIN IN THE COMMUNITY OR BE HOSPITALIZED BOTH ARE REMOVED 2	
FROM THE CHAIN OF TRANSMISSION THROUGH EITHER RECOVERY OR DEATH $ECEASED
INDIVIDUALS MAY INFECT OTHERS UNTIL THEY ARE BURIED
#OMPARTMENT MODELS MAY INCORPORATE DIFFERENT SUBSETS OF COMPART
MENTS TO EXPLORE DIFFERENT TRANSMISSION MECHANISMS OR TO EVALUATE THE
EFFECTIVENESS OF DIFFERENT INTERVENTIONS (OSPITAL SETTINGS AND TRANSMISSION
DURING FUNERAL PRACTICES HAVE BEEN IDENTIlED AS CRITICAL TRANSMISSION SOURCES
OF %BOLA ! NUMBER OF PUBLISHED %BOLA COMPARTMENT MODELS HAVE ADDRESSED
THESE TRANSMISSION MECHANISMS BY EXPLICITLY INCLUDING A HOSPITALIZED (	
COMPARTMENT AND A FUNERAL &	 COMPARTMENT    	 "ASED ON THEMODEL
STRUCTURE WE CLASSIlED THE  MODELS INTO FOUR CATEGORIES MODELS WITH BOTH
( AND & EXPLICITLY REPRESENTED  MODELS REFERRED TO AS 3%)(&2	 MODELS WITH
ONLY ( EXPLICITLY REPRESENTED  MODELS REFERRED TO AS 3%)(2	 MODELS WITH
ONLY & EXPLICITLY REPRESENTED MODELS REFERRED TO AS 3%)&2	 ANDMODELS WITH
NEITHER ( NOR & COMPARTMENTS IE THESE MECHANISMS OF TRANSMISSION WERE
IMPLICITLY INCORPORATED IN OVERALL TRANSMISSION  MODELS REFERRED TO AS 3%)2
MODELS	 4O ENSURE CONSISTENCY WE RECODED ALL THE MODELS WITHIN THE SAME
STOCHASTIC ENVIRONMENT EPIDEMIC BIRTHANDDEATH PROCESSES SIMULATED USING
THE 'ILLESPIE ALGORITHM WITH A TAULEAPING APPROXIMATION SEE DETAILS BELOW
 	 USING 2  	 ! lGURE OF THE GLOBAL MODEL WITHIN WHICH ALL THE
 MODELS CAN BE REPRESENTED AS SUBMODELS IS PRESENTED IN SUPPLEMENTARY
&IG 3 0ARAMETERS FOR THE  MODELS ARE LISTED IN SUPPLEMENTARY 4ABLE 3
!DDITIONALLY TO ENSURE CORRECT REPRESENTATION OF THE PUBLISHED MODELS WE
RECALCULATED THE BASIC REPRODUCTIVE NUMBER 2 SEE 4ABLE 3	 USING THE NEXT
GENERATION FRAMEWORK 	 #ODE TO RUN ALL THE MODELS IS AVAILABLE IN THE
SUPPLEMENTARY INFORMATION lLES 0ARAMETERS2 &UNCTIONS2 AND 2UNNING
MODELS2
-ANAGEMENT ACTIONS
"Y SURVEYING THE LITERATURE WE SELECTED lVE INTERVENTIONS THAT WERE
BROADLY APPLIED TO CONTROL %BOLA OUTBREAKS REDUCING COMMUNITY TRANSMIS
SION INCREASING HOSPITALIZATION REDUCING HOSPITAL TRANSMISSION REDUCING
CASE FATALITY RATIO AND REDUCING FUNERAL TRANSMISSION   	 2EDUCING
COMMUNITY TRANSMISSION IE TRANSMISSION IN THE COMMUNITY	 IS A GENERAL
INTERVENTION THAT IS ACHIEVED IN A VARIETY OF WAYS SUCH AS BY PROVIDING HOUSE
HOLD SANITATION KITS IMPROVING CONTACT TRACING IMPROVING SELFQUARANTINE
OF SICK INDIVIDUALS IN THE COMMUNITY REDUCING INDIVIDUAL MOBILITY AND
BORDER CROSSING AND INCREASING COMMUNITY AWARENESS THROUGH EDUCATIONAL
CAMPAIGNS   	 (OSPITALIZATION INCREASE CAN BE REALIZED BY IMPROVING
CONTACT TRACING AND INTENSIFYING CAMPAIGNS TO IDENTIFY AND ISOLATE PATIENTS
BUILDINGMORE %BOLA 4REATMENT #ENTERS %4#	 INCREASING THE NUMBER OF BEDS
AND INCREASING NECESSARY SUPPLIES AND PUBLIC SUPPORT  	 ! REDUCTION IN
HOSPITAL TRANSMISSION CAN BE ACHIEVED BY ENCOURAGING THE USE OF PERSONAL
PROTECTIVE EQUIPMENT 00%	 FOR HEALTHCARE PERSONNEL TREATING INFECTED CASES
AND REDUCING HOSPITAL VISITS 	 (YDRATION OF INFECTED INDIVIDUALS HAS PROVED
TO BE AN IMPORTANT WAY TO REDUCE MORTALITY OF %BOLA CASES AND VARIOUS OTHER
NEW PHARMACEUTICAL APPROACHES ARE BEING EXPLORED FOR FUTURE OUTBREAKS
&UNERAL TRANSMISSION IE TRANSMISSION AT FUNERALS	 REDUCTION CAN BE ACHIEVED
THROUGH IMPROVED FUNERAL PRACTICES TO INCREASE SAFE BURIAL BY REDUCING RISKY
BEHAVIOR  	
)NTERVENTION IMPLEMENTATION
)NTERVENTIONS CAN BE MODELED BY CHANGING THE PARAMETERS THOUGHT TO
BE INmUENCED BY THE CORRESPONDING MANAGEMENT ACTIONS ! REDUCTION IN
TRANSMISSION IN THE COMMUNITY IN HOSPITALS OR AT FUNERALS CAN BE MODELED
BY REDUCING THE TRANSMISSION COEFlCIENTS ASSOCIATED WITH THESE CLASSES )N
CREASING HOSPITALIZATION CAN BE SIMULATED BY INCREASING THE HOSPITALIZATION
RATIO AND REDUCING MORTALITY CAN BE MODELED BY DECREASING THE CASE FA
TALITY RATIO %ACH INTERVENTION WAS ASSESSED IN EACH MODEL IN TERMS OF THE
OBJECTIVE TO MINIMIZE THE %BOLA CASELOAD FOR EACH MODEL WE PROJECTED
CASELOAD UNDER THE lVE INTERVENTIONS AND THEN RANKED THE INTERVENTIONS
FROM THE BEST LOWEST CASELOAD	 TO THE WORST HIGHEST CASELOAD	 !LL THE lVE
INTERVENTIONS CAN BE EXPLICITLY IMPLEMENTED IN THE FULL 3%)(&2 MODELS FOR
THE OTHER MODELS WITH SOME COMPARTMENTS UNSPECIlED THE CORRESPONDING
INTERVENTIONS NEED TO BE SIMULATED IMPLICITLY &OR EXAMPLE REDUCING HOSPITAL
TRANSMISSION CAN ONLY BE EXPLICITLY APPLIED TO THE 3%)(&2 AND 3%)(2 MODELS
IN WHICH THE ( COMPARTMENT IS EXPLICITLY REPRESENTED BUT NOT IN THE 3%)&2 OR
3%)2MODELS WHERE THE ( COMPARTMENT IS UNSPECIlED 4O BE ABLE TO EVALUATE
MANAGEMENT OPTIONS AND CONDUCT 6ALUE OF )NFORMATION 6O)	 ANALYSIS ACROSS
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ALL THE PUBLISHED MODELS INCLUDING THOSE THAT DO NOT EXPLICITLY REPRESENT ALL
INFECTIOUS COMPARTMENTS WE CALCULATED THE IMPLICIT EFFECT OF AN INTERVENTION
VIA THE AVERAGE PROPORTIONAL CONTRIBUTION OF THE TARGET TRANSMISSION TO
THE OVERALL TRANSMISSION BASED ON THE FULL 3%)(&2 MODELS &OR EXAMPLE
A PROPORTIONAL REDUCTION OF 	( IN HOSPITAL TRANSMISSION CAN BE EXPLICITLY
SIMULATED BY MULTIPLYING THE COEFlCIENT OF HOSPITAL TRANSMISSION BY   	(
IN THE 3%)(&2 AND 3%)(2 MODELS "UT FOR THE 3%)&2 OR 3%)2 MODELS WHERE
THE ( COMPARTMENT IS UNSPECIlED AN IMPLICIT SIMULATION METHOD NEEDS TO
BE APPLIED )F 0( IS THE PROPORTIONAL CONTRIBUTION OF HOSPITAL TRANSMISSION TO
THE OVERALL TRANSMISSION THEN A REDUCTION OF 	( IN HOSPITAL TRANSMISSION CAN
BE IMPLICITLY SIMULATED VIA MULTIPLYING THE COEFlCIENT OF OVERALL TRANSMISSION
BY THE FACTOR   	(0( $ETAILED DESCRIPTION OF THE IMPLICIT SIMULATION OF
THE OTHER INTERVENTIONS IS PROVIDED IN THE SUPPLEMENTARY INFORMATION 4HE
PARAMETERS USED FOR THE IMPLICIT MANAGEMENT SIMULATIONS WERE ALL BASED ON
THE MEAN OF THE PARAMETERS ACROSS ALL THE PUBLISHED 3%)(&2 FULL MODELS AS
SHOWN IN THE SUPPLEMENTARY 4ABLE 3
4HE EFFECT OF AN INTERVENTION WHICHWE DElNE AS THE PERCENTAGE CHANGE
COMPARED TO BASELINE MAY NOT BE KNOWN A PRIORI &OR ILLUSTRATION WE lRST
PROJECTED CASELOAD CONSIDERING A  CHANGE FOR EACH OF THE lVE INTERVEN
TIONS "ASED ON THE CASELOAD PROJECTION WE EVALUATED THE lVE INTERVENTIONS
AS WELL AS THE OUTCOMES EXPECTED WITHOUT ANY INTERVENTION FOR EACH OF THE
 MODELS 7E RANKED THEM FROM THE BEST LOWEST CASELOAD	 TO THE WORST
HIGHEST CASELOAD	 4O ILLUSTRATE HOW TO IDENTIFY AT WHAT EFFECT SIZE A PARTIC
ULAR INTERVENTION SHIFTS TO BE BEST WE ALSO COMPARED CASELOAD PROJECTIONS
UNDER A PARTICULAR INTERVENTION OVER A GRADIENT OF CHANGES RANGING FROM
 WITH AN INTERVAL OF 	 AGAINST THE PROJECTIONS UNDER THE REST
OF THE FOUR INTERVENTIONS WITH THE BASELINE CHANGE OF  &OR EXAMPLE TO
ASSESS THE INTERVENTION OF REDUCING COMMUNITY TRANSMISSION WE DID CASELOAD
PROJECTIONS BY REDUCING COMMUNITY TRANSMISSION FROM  TO  FOR ALL
 MODELS AND THEN COMPARED EACH PROJECTION UNDER EACH LEVEL OF CHANGE
AGAINST THE OTHER FOUR INTERVENTIONS WITH A CHANGE OF  AND THEN RANKED
THE INTERVENTION
7E IMPLEMENTED STOCHASTIC SIMULATIONS FOR ALL MODELS USING 'ILLESPIE
S
ALGORITHMWITH A TAULEAPING APPROXIMATION  	 TO CAPTURE THE RANDOM NA
TURE OF EPIDEMIC BIRTH AND DEATH PROCESSES 	 7E PERFORMED  STOCHASTIC
SIMULATIONS FOR EACH MANAGEMENT INTERVENTIONMODEL COMBINATION WITH
 INITIAL INFECTIOUS INDIVIDUALS IN A POPULATION OF  INDIVIDUALS 7HEN
THE PARAMETERS IN THE ORIGINAL PUBLICATION WERE TIMEDEPENDENT WE lXED
BASELINE PARAMETERS AT VALUES USED AT THE START OF THE EPIDEMIC ANDOR SET
THEM TO THE NOINTERVENTION BASELINE 4O BE ABLE TO CONDUCT THIS BROAD
COMPARISON ACROSS ALL MODELS HOSPITALIZATION CAPACITY WAS NOT MODELED AS
ONLY A FEW MODELS CONSIDERED THIS FACTOR #ODE TO ASSESS ALL INTERVENTIONS IN
ALL THEMODELS IN THE CURRENT STUDY IS GIVEN IN SUPPLEMENTARY INFORMATION lLES
NAMED 0ARAMETERS2 &UNCTIONS2 AND 2UNNING MODELS2 !DDITIONALLY
TO EXAMINE HOW SENSITIVE 2 IS TO PARAMETERS ASSOCIATED WITH THE lVE
INTERVENTIONS WE CONDUCTED AN ELASTICITY PROPORTIONAL SENSITIVITY	 ANALYSIS
SUPPLEMENTARY 4ABLE 3	7E CALCULATED 2 USING THE NEXT GENERATION FRAME
WORK AND ESTIMATED DERIVATIVES NUMERICALLY BY THE METHOD OF DIFFERENCE
7E LIMITED THIS ANALYSIS TO THE FULL 3%)(&2 MODELS IN WHICH ALL ASSOCIATED
PARAMETERS WERE EXPLICITLY REPRESENTED THUS ALLOWING A PERTURBATION OF THE
FULL SET OF ASSOCIATED PARAMETERS7E THEN COMPARED THE RANK OF THE ELASTICITY
OF THE PARAMETERS TO THE RANK OF THE ASSOCIATED INTERVENTIONS
6ALUE OF )NFORMATION 6O)	 ANALYSIS
7E CALCULATED %XPECTED 6ALUE OF 0ERFECT )NFORMATION %60)	 WHICH
QUANTIlES THEMAXIMUM ACHIEVABLE IMPROVEMENT INMANAGEMENT THAT COULD
BE OBTAINED BY RESOLVING UNCERTAINTIES PRIOR TO THE IMPLEMENTATION OF
SPECIlC DECISIONS  	 )T IS QUANTIlED AS
()
7HERE N IS THE TOTAL NUMBER OF MODELS #AJ REPRESENTS MANAGEMENT PERFOR
MANCE IE CASELOAD IN THE CURRENT STUDY	 ASSOCIATED WITH TAKING INTERVENTION
A UNDER MODEL J PJ IS THE WEIGHT ASSOCIATED WITH MODEL J IE THE BELIEF THAT
MODEL J IS THE TRUE MODEL SUBJECT TO THE CONSTRAINT THAT THE PJ SUM TO 	
AND OPTA INDICATES THE OPTIMUM OVER ALL INTERVENTIONS  	 )N THIS INITIAL
ANALYSIS WE WEIGHED THE MODELS EQUALLY
%60) DESCRIBES THE BENElT OF RESOLVING ALL SOURCES OF UNCERTAINTY )N
PRACTICE DUE TO LIMITED TIME AND RESOURCES IT MAY NOT BE POSSIBLE TO COLLECT
ALL THE REQUIRED INFORMATION )N THIS CASE IT IS MORE REALISTIC TO PRIORITIZE A
SUBSET OF UNCERTAINTIES TO RESOLVE TO MAXIMIZE MANAGEMENT IMPROVEMENT
!NALYSIS OF THE %XPECTED 6ALUE OF 0ARTIAL )NFORMATION %608)	 QUANTIlES HOW
MUCH MANAGEMENT PERFORMANCE COULD BE IMPROVED BY RESOLVING A SUBSET OF
UNCERTAINTIES AND THEREFORE PROVIDES A USEFUL TOOL TO IDENTIFY WHICH SUBSET
OF UNCERTAINTIES SHOULD BE GIVEN PRIORITY IF TIME AND RESOURCES ARE LIMITED
	 %608) IS CALCULATED AS
()
WHERE NMODELS ARE GROUPED INTO I  QMUTUALLY EXCLUSIVE AND EXHAUSTIVE
SETS SET SI HAS NI MODELS IN IT PJ IS THE WEIGHT ASSOCIATED WITH MODEL J
AND #AJ IS THE MANAGEMENT PERFORMANCE UNDER MODEL J AND INTERVENTION
A  4HEREFORE %608) QUANTIlES THE IMPROVEMENT IN MANAGEMENT PERFOR
MANCE BY RESOLVING THE UNCERTAINTY ASSOCIATED WITH SI 	 7E CONDUCTED
%608) ANALYSES FOR FOUR SUBSETS OF MODELS WITH DIFFERENT TYPES OF STRUCTURES
3%)(&2 3%)(2 3%)&2 AND 3%)2	 AND ALSO FOR FOUR SUBSETS OF MODELS WITH
DIFFERENT RANGES OF CASELOAD PROJECTIONS    AND
 CASES	 TO EVALUATE THE IMPROVEMENT IN MANAGEMENT BY RESOLVING
UNCERTAINTIES IN MODEL STRUCTURE AND THE RANGE OF CASELOAD PROJECTIONS
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